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 ,QWURGXFWLRQ
Vision:7R UHGXFH WKH LQILQLWHO\KXJH VHPLRWLFV LQWR OLPLWHGVHPLRWLFV LQ WKH WUDQVIRUPHGSODWIRUP WRHQKDQFH WKH
FRUUHFWQHVVDQGFRPSOHWHQHVVRIVRIWZDUHWHVWLQJ
Mission:7RIDFLOLWDWHWKHWUDQVIRUPDWLRQRIVHDPOHVVVRIWZDUHWHVWLQJSUREOHPWRDQRWKHUFRPSDFWSODWIRUPZKHUH
WKHSURFHVVLVOLPLWHGZLWKZLGHVFRSH
Objectives:
 7RLQWURUVHWKHVFRSHVRIVHPLRWLFVRIWKHSURJUDPPLQJODQJXDJHWRDFODVVGLDJUDP
 7RIDFLOLWDWHWKHDEVWUDFWLRQRIGLIIHUHQWSHUVSHFWLYHYLHZVIURPWKHFODVVGLDJUDP
 7RIDFLOLWDWHWKHFRUUHFWQHVVDQGFRPSOHWHQHVVRIWKHV\VWHPWKURXJKLQWDJOLRHGGHOLQHDWLRQV
 7RUHILQHWKHGHILQLWLRQVRIV\QWDFWLFVRIREMHFWRULHQWHGV\VWHPDQGVRIWZDUHWHVWLQJ
1.1 Motivation  
 1RUPDOO\WKHVRIWZDUHWHVWLQJLVFDUULHGRXWWRWUDQVIRUPSURJUDPPLQJV\VWHPLQWRVRIWZDUHV\VWHP7KLV
LQYROYHV LGHQWLILFDWLRQ RI WKH VWUXFWXUDO DQG EHKDYLRUDO IDXOWV RI WKH SURJUDPPLQJ V\VWHP WR TXDOLI\ IRU VRIWZDUH
V\VWHP7KHSURJUDPPLQJV\VWHPLVGHYHORSHGDUELWUDULO\E\HQGXVHU LQFRUSRUDWLQJLQGLYLGXDOVNLOOHGFRQVWUDLQWV
7R HQDEOH WKLV WREH VRIWZDUH DOO WKH FRQVWUDLQWV DUH WREHJHQHUDOL]HGDQG LPSOHPHQWHG LQKDUPRQLRXVZD\7KH
FRQVWUDLQWV DUH WR EH FOXVWHUHG DQG V\QHFGRFKH RI HDFK FOXVWHU LV FRQVLGHUHG IRU VRIWZDUH WHVWLQJ 7KLV W\SH RI
FRPSDWLELOLW\FDQQRWEHDFKLHYHGWKURXJKWKHDXFRXUDQWWHVWLQJWHFKQLTXH,QWKHDXFRXUDQWWHVWLQJWHFKQLTXHZLGH
VFRSHRIVHPLRWLFVFDQQRWEHVHDUFKHGIRUFRUUHFWDQGFRPSOHWHIDXOWV7KHUHIRUH WKLVSDSHUUHGXFHV WKHVFRSHRI
SURJUDPPLQJV\VWHPVHPLRWLFVWRWKHOLPLWHGVHPLRWLFVRIGHVLJQGLDJUDP:KHQWKHFRGHLVHQRUPRXVO\ODUJHWKH
GHWHFWLRQDQGFRUUHFWLRQLVXWRSLDQWDVN1RUDQGRPIUDJPHQWDWLRQRIWKHFRGHKHOSVWKHGHWHFWLRQDQGFRUUHFWLRQRI
HUURUV7KHUHIRUHWKLVSDSHUDWWHPSWVWRSURSRVHPHWKRGRORJ\WRIDFLOLWDWHWKHDEVWUDFWLRQRIIDXOWVXQGHURQHILQLWH
VFRSHXPEUHOOD7KHFODVVGLDJUDP LV DZD\RI LQWURUVLQJ WKH VHPLRWLFVRI VWUXFWXUDO DQGEHKDYLRUDODVSHFWRI WKH
SURJUDPPLQJ V\VWHPZLWK D OLPLWHG VHPLRWLFV FRQWUDU\ WR WKH DXFRXUDQW YLHZ RI WKH FRQQRLVVHXUV 7KHUHIRUH
WKHUHLVDQHHGIRUDXWRPDWLFDEVWUDFWLRQRIVHPLRWLFVRIFODVVGLDJUDPIURPWKHSURJUDPPLQJV\VWHP
1.2 Literature Survey  
 7KH FODVV GLDJUDP FRPSRQHQWV DUH GLVSOD\HG HOHJDQWO\ LQ 80/ E\ DQG 80/  WRRONLW E\ :H KDYH
LGHQWLILHG WKH QHHG\ V\QWDFWLFV IRU FODVV GLDJUDP DV FODVV QDPH FODVV DWWULEXWHV YLVLELOLW\ REMHFW PHWKRG
DVVRFLDWLRQ JHQHUDOL]DWLRQVSHFLDOL]DWLRQ DQG DJJUHJDWLRQ8VHFDVH GULYHQ DSSURDFK E\DV LGHQWLILHV WZR W\SHV RI
GLVFRQWLQXLWLHV 0LQRU GLVFRQWLQXLW\ EHWZHHQ SDLU RI REMHFW PHWKRGV LQGLFDWHV WKH ODFN RI JUDQXODWLRQ ,Q RXU
PHWKRGRORJ\ZHZLOOLPSOLFLWO\LPSOHPHQWWKHJUDQXODWLRQWKDWLPSHGHVWKHXQH[SHFWHGUHVXOWV0DMRUGLVFRQWLQXLW\
LVEHWZHHQSDLURIXVHFDVHLQGLFDWHVWKHSUHVHQFHRILQWHUIDFHDWWULEXWHVWKLVKHOSVXVWRLGHQWLI\WKHERXQGDU\REMHFW
FODVVHV1RXQSKUDVHDSSURDFKLVGHYHORSHGE\OLPLWHGIRUWKHDEVWUDFWLRQRIFODVVQDPH7KHWHFKQLTXHLVPDQXDO
DQG FRQMHFWXUH EDVHG DSSURDFK +DQGLJXQG HW DO KDYH DWWHPSWHG WR DEVWUDFW REMHFW FODVV VWUXFWXUH RQ VRXQG
PDWKHPDWLFDOULJRUWKURXJKWKHGHVLJQRIILUVWFXWGDWDIORZGLDJUDPLQDQDO\VLVSKDVHZKLFKLVVHPLDXWRPDWHGDQG
FDQQRWEHDXWKHQWLFDWHGIRULWVFRUUHFWQHVV7KLVSDSHUPDNHVDQDWWHPSWWRSUHVHQWFRUUHFWFRPSOHWH	DXWRPDWHG
PHWKRGRORJ\WRDEVWUDFWDOOV\QWDFWLFVUHTXLUHGIRUFODVVGLDJUDPIURPWKHSURJUDPPLQJV\VWHP7KLVPHWKRGRORJ\
XVHVSURJUDPVOLFHVWRVOLFHWKHSURJUDPPLQJV\VWHPRQGLIIHUHQWSHUVSHFWLYHYLHZVYL]XVHFDVHZRUNSURFHVVDQG
ZRUN2ULJLQDOO\:HLVHUGHYHORSHGWKHVOLFLQJWHFKQLTXHIRUGHEXJJLQJSXUSRVHZLWKVLQJOHDWWULEXWH6LQFH WKH
VOLFHLVDQH[HFXWDEOHVXEVHWRIWKHSURJUDPVWDWHPHQWVDIIHFWLQJWKHDWWULEXWHVVSHFLILHGLQWKHVOLFLQJFULWHULD7KH
+DQGLJXQGHWDOKDYHHQKDQFHGWKHVFRSHRIVOLFLQJWRQXPEHURIYDULDEOHVWRDEVWUDFWREMHFWPHWKRGVIURP&2%2/
SURJUDPPLQJV\VWHPV,QWKHSUHVHQWSDSHUZHKDYHDGRSWHGWKLVVOLFLQJWHFKQLTXHWRDEVWUDFWREMHFWPHWKRGVEDVHG
RQJRRGVRIWZDUHHQJLQHHULQJSULQFLSOHV,QWKH\KDYHGHYHORSHGPHWKRGRORJ\IRU WKHGHVLJQRIFRQWUROIORZDQG
GDWD IORZ JUDSKV IRU &2%2/ SURJUDPPLQJ V\VWHP WR HQDEOH DSSOLFDWLRQ RI WKH VOLFLQJ WHFKQLTXH IRU YDULRXV
SXUSRVHV7KHVDPHSURFHGXUHKDVEHHQPRXOGHGDQGUHGHVLJQHGWRVXLWSURJUDPPLQJV\VWHPFRGHGLQDQ\RI WKH
SURJUDPPLQJODQJXDJHV7KHREMHFWPHWKRGVQDPHKDVEHHQXVHGHOHJDQWO\DVDSDUWRIFODVVUHSUHVHQWDWLRQLQWKH
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FODVVGLDJUDPE\8QIRUWXQDWHO\ WKHUHDUHVRPHSLWIDOOV LQ WKHLU UHSUHVHQWDWLRQ)LUVW LVZHKDYHQRWQRWLFHG WKHLU
UHDOL]DWLRQRIJRRGGDWDEDVHGHVLJQSULQFLSOHVLQWKHVWUXFWXUDOGHVLJQDQGJRRGVRIWZDUHHQJLQHHULQJSULQFLSOHVLQ
WKHEHKDYLRUDODVSHFW0RUHRYHUWKH\KDYHIDLOHGWRLGHQWLI\WKHEHKDYLRUDODVSHFWVRIWKHLURZQUHSUHVHQWDWLRQ,Q
WKLVSDSHUDQDWWHPSWKDVEHHQPDGHWREULGJHDOOWKHVHODFXQDHWRPDNHWKHREMHFWRULHQWHGFRQFHSWDVDUREXVWRQH
DSDUWIURPH[LVWLQJIHDWXUHV7KHXQIRUHVHHQXWLOLW\RIWKHFODVVGLDJUDPLVH[SRVHGLQRXUDXWRPDWHGPHWKRGRORJ\RI
DEVWUDFWLQJV\QWDFWLFVRIFODVVGLDJUDP7KLVKHOSVLQLGHQWLI\LQJWKHYLVLELOLW\LQWHUUHODWLRQVKLSDPRQJWKHFODVVHV
 0HWKRGRORJ\
 ,Q WKLVSDSHUZHDUHGHYHORSLQJ UHYHUVHHQJLQHHULQJ WHFKQLTXH WRDXWRPDWH WKHDEVWUDFWLRQRI WKHGHVLJQ
GLDJUDPVHPLRWLFV FODVVGLDJUDPIURPWKHSURJUDPPLQJV\VWHPZKLFKPD\EHKHOSIXO IRU WKHGHVLJQRIFRUUHFW
FRPSOHWHDQGHIILFLHQWWHVWLQJPHWKRGRORJ\RIWKHSURJUDPPLQJV\VWHP7RDEVWUDFWWKHVHPLRWLFVRIFODVVGLDJUDP
IURPSURJUDPPLQJV\VWHPILUVWZHPRXOGHGWKHSURJUDPPLQJV\VWHPRQWKHOLQHV,QVWHSRIVHFWLRQZHKDYH
EULHIHGDERXWWKLVDFWLYLW\7KHQZHKDYHFUHDWHGWKHUHIHUHQFHGDQGGHILQHGWDEOHUHIGHIWDEOHRIQRXQV	QRXQ
SKUDVHVSUHVHQWLQWKHSURJUDPPLQJV\VWHPZLWKRQHHQWU\IRUHDFKVWDWHPHQWDQGLVGLVFXVVHGLQWKHVWHSVHFWLRQ
$IWHUZDUGVZHKDYHGHVLJQHGWKHFRQWUROIORZJUDSK&)*IRUHQWLUHSURJUDPPLQJV\VWHPDQGLVUHSUHVHQWHG
LQWKHWDEXODUIRUP6LQFH&)*GHYHORSHGE\LVIRU&2%2/SURJUDPPLQJV\VWHPLQZKLFKWKHIXQFWLRQFDOODQG
EHJLQQLQJ RI IXQFWLRQ QDPH ZHUH LUUHOHYDQW 6R ZH KDYH DXWRPDWHG WKH SURFHGXUH RI GHVLJQLQJ &)* IRU
SURJUDPPLQJ V\VWHP DQG LV SUHVHQWHG LQ VWHS  RI VHFWLRQ  /DWHUZH KDYH GHVLJQHG GDWD IORZ JUDSK ')*
WKURXJKDGRSWLQJWKHSULQFLSOHVGHYHORSHGE\+HUHZHKDYHUHRUJDQL]HGWKHUHIGHIHQWULHVLQFRQWUROIORZRUGHU
	JUDSK LVUHSUHVHQWHG LQGDWDIORZWDEOH')7DQG LVEULHIHGLQVWHSRIVHFWLRQ7KHQZHKDYHGHYHORSHG
DXWRPDWHG FODVVLQJ WHFKQLTXH WR LGHQWLI\ WKH VWUXFWXUH RI WKH FODVV LQ D SURJUDPPLQJ V\VWHP ZLWK LPSOLFLWO\
LQFRUSRUDWLQJJRRGGDWDEDVHGHVLJQSULQFLSOHVDQGLVSUHVHQWHGLQVWHSWRRIVHFWLRQ/DWHUXVLQJWKHFODVV
VWUXFWXUHDVRQHRIWKHFODVVLQJFULWHULDWKHSURJUDPPLQJV\VWHPLVVOLFHGRQHVHDFKWLPHZLWKUHVSHFWWRHDFKFODVV
VWUXFWXUHDVRQHRIWKHVOLFLQJFULWHULD,QHDFKVOLFHLGHQWLI\WKHFOXVWHURIFRQWLJXRXVVHWRIVWDWHPHQWVWKDWIRUPVWKH
REMHFWPHWKRGZLWKLPSOLFLWUHDOL]DWLRQRIJRRGVRIWZDUHHQJLQHHULQJSULQFLSOHVDQGLVSUHVHQWHGLQVHFWLRQ7KH
SDUDPHWHUSDVVLQJIURPFOXVWHURIREMHFWPHWKRGVOLFHVLVXVHGWRLGHQWLI\WKHLQWHUUHODWLRQVKLSVEHWZHHQWKHFODVVHV
DQGYLVLELOLW\DQGLVSUHVHQWHGLQVHFWLRQDQG
2.1 Classing Technique  
,QSXW3URJUDPPLQJV\VWHP2EMHFW2ULHQWHG7HFKQRORJ\227V\QWDFWLFVGHILQLWLRQV
7RROVXVHGFRQWUROIORZWDEOH&)7GDWDIORZWDEOH')7
 5HILQHWKHSURJUDPPLQJV\VWHPWRFRQWDLQVLQJOHVWDWHPHQWDQGDVVLJQFRQVHFXWLYHQXPEHUVWRHDFKOLQHIRU
XQLTXHLGHQWLILFDWLRQRIWKHVWDWHPHQW
 ,GHQWLI\WKHQRXQVQRXQSKUDVHVLQHDFKVWDWHPHQWDQGFDWHJRUL]HWKHPDVUHIHUHQFHGRUGHILQHGQRXQVQRXQ
SKUDVHVLQWKHFRQVHFXWLYHRUGHURIVWDWHPHQWVLQWKHSURJUDPPLQJV\VWHPWRIRUPUHIHUHQFHGGHILQHGWDEOH
3XW VLQJOH DVWHULVN IRU UHDG DQG GRXEOH DVWHULVN IRUZULWH HQWULHV 5HSODFH UHFRUG QDPHILOH QDPH E\ WKHLU
DSSURSULDWHVWUXFWXUH7KHIRUPDWRIWKHWDEOHDVVKRZQEHORZ
7DEOH5HI'HIWDEOH






 'HVLJQFRQWUROIORZJUDSK&)*RIWKHSURJUDPPLQJV\VWHPDQGWUDQVIRUPLWWRDFRQWUROIORZWDEOH&)7
7KHSURFHGXUHIRU&)*UHSUHVHQWHGLQ&)7LVDVIROORZV
L &UHDWHDIRXUFROXPQWDEOHZLWKDWWULEXWHVVWDUWHQGMXPSDQGDOWHUQDWHMXPSWRFRQVWUXFWWKH&)77KH
IRUPDWRIWKHWDEOHLVDVVKRZQEHORZ

6WPWQR 5HIHUHQFHG5HI 'HILQHG'HI
VWPWQR! 5HIHUHQFHGDWWULEXWH
GHOLPLWHGE\FRPPD
'HILQHGDWWULEXWHGHOLPLWHGE\
FRPPD
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7DEOH&)7WDEOH



LL 5HDGWKHSURJUDPPLQJV\VWHPLQSK\VLFDOVHTXHQWLDORUGHUZLWKSODFLQJDQHQWU\RIEHJLQQLQJVWDWHPHQW
QXPEHUDW WKHILUVWFROXPQRI&)7&RQWLQXHEURZVLQJRIVWDWHPHQWV LQ WKHLUSK\VLFDOVHTXHQWLDORUGHU
XQWLOWKHIXQFWLRQFDOOIFIXQFWLRQPRGXOHIPDQGEUDQFKLQJVWDWHPHQWVOLNHLIHOVHZKLOHIRUVZLWFK
	GRZKLOH HQFRXQWHUVZLWKSODFLQJ DQ HQWU\RI WKDW VWDWHPHQWQXPEHU LQ WKH VHFRQGFROXPQRI&)7
&UHDWHDQLQWHUPHGLDWHWDEOHZLWKWKHIROORZLQJIRUPDW
7DEOH,QWHUPHGLDWHWDEOH




LLL ,QDVWDWHPHQWLIHLWKHUEUDQFKLQJNH\ZRUGRURSHUDWRUHPEHGGHGEHWZHHQWZRUHIHUHQFHGRSHUDQGVWKHQ
LW LVDSUHGLFDWH:ULWH WKHVWDWHPHQWQXPEHUDQGWKHNH\ZRUGLQ WKHILUVW WZRFROXPQVRI LQWHUPHGLDWH
WDEOH,IWKHOHIWEUDFHRURWKHUVXEVHTXHQWVWDWHPHQWIROORZVWKHQZULWHWKHVWDWHPHQWQXPEHULQWKHWKLUG
FROXPQRI&)7
x ,ILWLVµHOVH¶NH\ZRUGVHDUFKWKHLQWHUPHGLDWHWDEOHIRUXQILOOHGµLI¶HQWU\LQWKHERWWRPXSDSSURDFK
DQGVHDUFKIRUWKDWVWDWHPHQWQXPEHULQWKH&)7DQGZULWHWKDWµHOVH¶VWDWHPHQWQXPEHULQWKHIRXUWK
FROXPQRI&)7
x ,IWKHNH\ZRUGLVµFDVH¶VHDUFKIRUXQILOOHGµVZLWFK¶LQWKHLQWHUPHGLDWHWDEOHDQGWKHFRUUHVSRQGLQJ
VWDWHPHQWLQWKH&)7:ULWHWKHµFDVH¶VWDWHPHQWQXPEHURIWKDWµVZLWFK¶LQWKHWKLUGFROXPQRI&)7
x ,I WKH NH\ZRUG LV µGR¶ PDNH DQ HQWU\ LQ WKH LQWHUPHGLDWH WDEOH /DWHU ZKLOH NH\ZRUG RFFXUV
VXEVHTXHQWO\WKHQ
x ,IWKHNH\ZRUGLVµZKLOH¶VHDUFKIRUµGR¶LQWKHLQWHUPHGLDWHWDEOHDQGLILWLVIRXQGHQWHUVWDWHPHQW
QXPEHURIWKDWµGR¶LQWKHWKLUGFROXPQRIWKH&)7DQGHQWHUVWDWHPHQWQXPEHURIZKLOHLQWKHWKLUG
FROXPQRIGRLQLQWHUPHGLDWHWDEOH(QWHUWKHVXEVHTXHQWVWDWHPHQWQXPEHURIµZKLOH¶LQWKHIRXUWK
FROXPQRI&)7HOVHSODFHWKHVXEVHTXHQWVWDWHPHQWQXPEHURIµZKLOH¶LQWKHWKLUGFROXPQRI&)7
x ,IWKHNH\ZRUGLVµIRU¶ZULWHWKHVXEVHTXHQWVWDWHPHQWQXPEHULQWKHWKLUGFROXPQRI&)7
LY ,IWKHNH\ZRUGLQWKHVHFRQGFROXPQLVµIF¶WKHQVHDUFKIRUSUHYLRXVHQWULHVIRUSUHVHQFHRIµIP¶RIWKH
VDPH IXQFWLRQQDPH ,I IPH[LVWV WKHQZULWH VWDWHPHQWQXPEHURI µIP¶ LQ WKH WKLUGFROXPQRI µIF¶ DQG
VLQJOHVSHFLDOPDUNLQ WKHµIF¶HQWU\RI WKHODVWFROXPQDQGDOVRLQ WKHWKLUGFROXPQRI&)7HOVH LI WKH
NH\ZRUGLVµIP¶VHDUFKIRU WKHVDPHµIF¶ LIIRXQGZULWHµIP¶VWDWHPHQWQXPEHULQ WKHMXPSFROXPQRI
µIF¶ DQG DOVR VHDUFK IRU VWDWHPHQWQXPEHURI µIF¶ LQ&)7DQGHQWHU VWDWHPHQWQXPEHURI µIP¶ LQ WKLUG
FROXPQRIVHDUFKHGHQWU\RI&)7
Y ,I WKH OHIW EUDFH RU RWKHU VWDWHPHQW IROORZV WKH ODVW HQWU\ RI WKH LQWHUPHGLDWH VWDWHPHQW WKHQZULWH WKH
VWDWHPHQWQXPEHULQWKHWKLUGFROXPQRI&)7,IWKHVWDWHPHQWHQFRXQWHUVULJKWEUDFHRUUHWXUQWKHQZULWH
WKHVWDWHPHQWQXPEHULQWKHWKLUGFROXPQRIWKHLQWHUPHGLDWHWDEOHDQGDOVRHQWHUWKHVWDWHPHQWQXPEHU
ZLWKGRXEOHPDUNLQWKHIRXUWKFROXPQRI&)7LQWKHILUVWXQPDUNHGHQWU\ZLWKERWWRPXSDSSURDFK
,IVLQJOHPDUNZLWKRXWGRXEOHPDUNRIWKHVDPHIXQFWLRQRUGRXEOHPDUNZLWKRXWVLQJOHPDUN
RI WKH VDPH IXQFWLRQRUKLDWXV LQ DQ\ HQWU\ LQ WKH&)7 LQGLFDWH WKHSUHVHQFHRI LPSOHPHQWDWLRQ HUURU
7KHQWKHSURJUDPPLQJV\VWHPLVHUURQHRXV6RLWVHUYHVDVVWUXFWXUDOVRIWZDUHWHVWLQJ7KHQDWXUHRIHUURU
FDQEHLGHQWLILHGIURPWKHORZHUOHYHO80/GLDJUDPV
YL 5HSHDWWKLVSURFHGXUHWLOOWKHHQGRIWKHSURJUDPRULWHQFRXQWHUVWKHHQGVWDWHPHQW,IWKHHQGVWDWHPHQW
LVQRWSK\VLFDOHQGRIWKHSURJUDPUHSHDWWKHDERYHSURFHGXUHLWRYLLWLOOHQGVWDWHPHQWLVSK\VLFDOHQG

 'HVLJQGDWDIORZWDEOH')7E\UHRUJDQL]LQJWKHHQWULHVRIUHIGHIHQWULHVLQFRQWUROIORZRUGHU7KHIRUPDW
RI')7LVDVIROORZV



6WDUW (QG -XPS $OWHUQDWHMXPS
VWPWQR! VWPWQR! VWPWQR! VWPWQR!
VWPWQR %UDQFKLQJ
NH\ZRUGIFIP
(QGRIEUDQFKLQJ
VWPWMXPS
2SHUDQGRI
SUHGLFDWH
2SHUDWRURI
SUHGLFDWH
1DWXUH
VWPWQR! NH\ZRUG VWPWQR! 5HIHUHQFHGDWWULEXWH 'HILQHGDWWULEXWH VSHFLDOV\PERO!
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
7DEOH')7WDEOH



The procedure for DFG represented in DFT is as follows  
L 5HDGWKHILUVWFROXPQRIWKH&)7HQWU\DQGJHWWKHFRUUHVSRQGLQJHQWU\IURPWKHUHIGHIWDEOHDQGSXWLW
RQ')7
LL &RQWLQXHDERYHSURFHGXUHWLOOWKHVHFRQGFROXPQVWDWHPHQWQXPEHUWKHQUHDGWKHWKLUGFROXPQHQWU\LI
WKHHQWU\LVDXJPHQWHGZLWKPDUNVHDUFKWKHSUHYLRXVHQWULHVRIWKH&)7LQERWWRPXSDSSURDFKIRU
WKH VWDWHPHQW QXPEHU LI QRW IRXQG WKHQ VHDUFK WKH ILUVW FROXPQ VXEVHTXHQW &)7 HQWU\ 5HSHDW WKLV
SURFHGXUHUHFXUVLYHO\WLOOWKHUHFXUVLRQHQGV
LLL 5HSHDWDERYHVWHSVIRUIRXUWKFROXPQHQWU\RI&)7
LY ,IWKHHQWULHVRI&)7DUHQRWXWLOL]HGFKHFNIRUWKHLUFRQWUROGHSHQGHQFLHVIRURWKHUHQWULHV,IWKHFRQWURO
GHSHQGHQFLHVFRXOGQRW LGHQWLILHG WKHQ WKHVWDWHPHQWDUH VXSHUIOXRXV7KXV WUDQVPLVVLRQRI&)7 LQWR
')7FRUUHFWO\DQGFRPSOHWHO\GHWHFWVWKHFRQWUROGHSHQGHQFLHVRIWKHHQWULHV

 2UJDQL]HWKHDWWULEXWHVRIWDEOHLQWKHOH[LFRJUDSKLFRUGHU8VLQJWDEOHLGHQWLI\DQGLQGLFDWHZLWKVSHFLDO
PDUNVWKHHQWULHVLQWKH')7ZKLFKFRQWDLQRQO\UHIHUHQFHGDWWULEXWHV5HIZRIZULWHVWDWHPHQWDQGHQWULHV
FRQWDLQRQO\GHILQHGDWWULEXWHV'HIURI UHDG VWDWHPHQW&OXVWHU WKHVHHQWULHVRI UHDGDQGZULWH VHSDUDWHO\
EDVHGRQILOHQDPH7DNHWKHVHWXQLRQRIDOO'HIURIWKHUHDGDQGDOO5HIZRIWKHZULWHVWDWHPHQW)RUP
DQRWKHUWDEOHLVDVVKRZQEHORZ
7DEOH5HDG:ULWHWDEOH


 'HVLJQDFODVVLQJFULWHULDZLWKODVWVWDWHPHQWQXPEHURIWKHSURJUDPWKHUHIHUHQFHGDWWULEXWHVVHW5HIZDQG
ILOHQDPHDVJHPLQDWLRQRUGHUHGWULSOHWRIFODVVLQJFULWHULDODVWVWPWQRILOHQDPH5HIZ!
 ,GHQWLI\WKHFDQGLGDWHNH\IRUHDFKFODVVLQJFULWHULDIURPWKHIROORZLQJVWHSV
ሺሺሻ െ ሺሻ ൌ ׎ǣൌ ሺሻ ת ሺሻ
 ሺሻ א ሺሻ
ሺሻ א ሺሻ  ׷ൌ ሺሻ
 ,GHQWLI\WKHGHILQHGDWWULEXWHVLQWKH')7HQWULHVZKHUHFDQGLGDWHNH\RI5HIZLVUHIHUHQFHGWKHQWDNHWKH
VHWXQLRQRIFDQGLGDWHNH\DWWULEXWHVDORQJZLWKGHILQHGDWWULEXWHVWKHQWDNHLQWHUVHFWLRQRIVHWXQLRQDWWULEXWHV
ZLWKUHIHUHQFHGDWWULEXWHVRIZULWHVWDWHPHQWWKDWIRUPVWKHFODVVDWWULEXWHVHW7KLVFDQEHUHSUHVHQWHGDV
ሼǣൌሺሻתሺሺሻڂሺሻሻǢሺሻאሺሺሻሻሽ 
 5HSHDWVWHSIRUDOOFDQGLGDWHNH\VLQZULWHVWDWHPHQW
ሼǣൌڂሼሺሻתሺሺሻڂሺሻሻሽǢሺሻאሺሺሻሻሽ
 &L &V
 5HSHDWWKLVSURFHGXUHXQWLO5HIZ 
 5HSHDWVWHSVIRUDOORQO\UHIHUHQFHGHQWULHVRI5HIZRIZULWHUHDGWDEOH
 )URP&LVWXG\HDFKDWWULEXWHIRUDVVLJQDELOLW\LIWKHVL]HDQGW\SHDVVLJQHGWKHQWKRVHVHWRIDWWULEXWHVIRUP
WKHFODVVDWWULEXWHVDQGLI WKHVL]HDQGW\SHFDQQRWEHDVVLJQHGWKHQWKRVHDWWULEXWHIRUPWKHFODVVQDPH:H
NQRZWKHIXQFWLRQDOGHSHQGHQF\XVLQJLGHQWLILFDWLRQFDQGLGDWHNH\KHUHZHLPSOLFLWO\LPSOHPHQWHGWKHJRRG
GDWDEDVHGHVLJQSULQFLSOHVSDUWLDOO\LQWKHFODVVVWUXFWXUHRIDSURJUDP
6WPWQR 5HIHUHQFHGLWHP5HIVWPWQR 'HILQHGLWHP'HIVWPWQR
VWPWQR! 5HIHUHQFHGDWWULEXWHGHOLPLWHGE\FRPPD 'HILQHGDWWULEXWHGHOLPLWHGE\FRPPD
)LOHQDPH 5HIHUHQFHGLWHP5HIZ 'HILQHGLWHP'HIU
ILOHQDPH! 5HIHUHQFHGDWWULEXWHGHOLPLWHGE\FRPPD 'HILQHGDWWULEXWHGHOLPLWHGE\FRPPD
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2.2 Slicing Technique  
,QSXWDOOFODVVQDPHVDQGWKHLUDWWULEXWHVDOOǯሻ
7RROXVHGVWUXFWXUHRIWKHHQKDQFHG')7
 ([WHQGWKHRULJLQDO')7WRLQFRUSRUDWHWKHIROORZLQJDGGLWLRQDOFROXPQVZLWKLQLWLDOYDOXHVEODQNLQDOO WKH
HQWULHV
7DEOH3URJUDPVOLFLQJWDEOH
6WPWQR 5HIHUHQFHG
DWWULEXWHV
'HILQHG
DWWULEXWHV
'LUHFWO\UHOHYDQW
DWWULEXWHVܴ௖଴
'LUHFWO\UHOHYDQW
VWDWHPHQWVܵ௖଴
,QGLUHFWO\UHOHYDQW
DWWULEXWHVܴ௖ଵ
,QGLUHFWO\UHOHYDQW
VWDWHPHQWVܵ௖ଵ
VWPWQR! UHI! GHI! ܴ௖଴! ܵ௖଴! ܴ௖ଵ! ܵ௖ଵ!

 ,Q WKH IRXUWKFROXPQ OHW WKH ODVWHQWU\FRQWDLQVܴ௖଴ ؔ ሼ ௜ܸሽZKHUH9LאVHWRIFODVVDWWULEXWHVFRQWDLQHG LQ&L
DQGDOORWKHUHQWULHVFRQWDLQVQXOOYDOXH
 )RUHDFKFODVVFDUU\RXWWKHIROORZLQJSURFHGXUH
x (DFK WLPH WDNH WKH DWWULEXWHV PHQWLRQHG LQ WKH &L DQG JR EDFNZDUG GLUHFWLRQ IURP ')7 ZKHUH VOLFLQJ
FULWHULRQGHILQHGDVWKHODVWVWDWHPHQW!
ܴ௖଴ሺݏሻ ൌ ܴ௖଴ ሺݏሻ ׫ ൛ ௜ܸห ௜ܸ א ܴ௖଴ሺݐሻǡ  ௜ܸ ሺݏሻൟ ׫ ሼ ௜ܸȁ ௜ܸ א ݎ݂݁ሺݏሻǡ ሺݏሻ ת ܴ௖଴ሺݐሻ ് ׎
x 8SGDWHܴ௖଴ሺݏሻ IRU DOO WKH HQWULHV XVLQJ DERYH HTXDWLRQ ZLWK LQLWLDOܴ௖଴ሺݏሻ FRQWDLQLQJ QXOO YDOXH IRU DOO
VWDWHPHQWV
x 6WHSLVUHSHDWHGIRUDOOWKHFODVVHV
 8VLQJWKLVHTXDWLRQWKHDOJRULWKPGHWHUPLQHVWKHGLUHFWO\UHOHYDQWVWDWHPHQWVDV
ܵ௖଴ ൌ ሼݏȁ ሺݏሻ תܴ௖଴ሺݐሻ ് ׎ǡ ݏ ՜ ܥܨܩ௧ሽ
/HWWKHUDQJHRILQIOXHQFHLQIOERIDEUDQFKVWDWHPHQWELVGHILQHGDVWKHVHWRIVWDWHPHQWVFRQWUROGHSHQGHQW
RQE7KHVHWRIFRQWUROGHSHQGHQWEUDQFKVWDWHPHQWVRIFRQWUROSUHGLFDWHELVGHILQHGDV
ܤ௖଴ ൌ ሼܾȁݏ א  ܵ௖଴ሺݏሻǡ ݏ א ݂݈݅݊ሺܾሻሽ
7KHGHILQLWLRQRIWKHEUDQFKVWDWHPHQWVܤ௖଴WKDWDUHLQGLUHFWO\UHOHYDQWGXHWRWKHinfluenceWKH\KDYHRQQRGHV
VLQܵ௖௞DWOHYHONLVJLYHQE\
 ׊݇ ൒ Ͳǡ ܤ௖௞ ൌ ሼܾȁݏ א ܵ௖௞ǡ ݏ א ݂݈݅݊ሺܾሻሽ
1H[WIRUHDFKOHYHONWKHVHWRILQGLUHFWO\UHOHYDQWYDULDEOHVܴ௖௞ାଵDUHGHWHUPLQHGXVLQJ
ܴ௖௞ାଵሺݏሻ ൌ ܴ௖௞ሺݏሻ ׫ܷ௕א஻೎ೖܴழ௕ǡ௥௘௙ሺ௕ሻவ
଴ ሺݏሻ
7KLVFRPSXWHVLQDGGLWLRQWRܴ௖௞WKHWUDQVLWLYHGDWDGHSHQGHQFHRQWKHVWDWHPHQWVܤ௖௞WKLVLVSHUIRUPHGXVLQJILUVW
W\SHRILWHUDWLRQWUDFLQJWUDQVLWLYHGDWDGHSHQGHQFHVDJDLQZLWKUHVSHFWWRVOLFLQJFULWHULRQ൏ ܾǡ ݎ݂݁ሺܾሻ ൐ZKHUHE
אܤ௖௞LVDEUDQFKVWDWHPHQW
7KHLQGLUHFWO\UHOHYDQWVWDWHPHQWVLQNWKLWHUDWLRQFRQVLVWRIYHUWLFHVLQܤ௖௞WRJHWKHUZLWKYHUWLFHVWKDWGHILQH
WKHYDULDEOHVܴ௖௞ାଵUHOHYDQWWRD&)*VXFFHVVRUW7KHLQGLUHFWO\UHOHYDQWVWDWHPHQWVLQNWKLWHUDWLRQFRPSXWHG
DV
ܵ௖௞ାଵ ൌ ܤ௖௞ ׫ ሼݏȁ ሺݏሻ תܴ௖௞ାଵሺݐሻ ് ׎ǡ ݏ ՜  ஼ிீݐሽ
7KHVHWVܴ௖௞ାଵDQGܵ௖௞ାଵDUHQRQGHFUHDVLQJVXEVHWVRIWKHSURJUDPYDULDEOHVDQGVWDWHPHQWVUHVSHFWLYHO\
 ,GHQWLI\FRQWLJXRXV VHWRI VWDWHPHQWV LQ WKH VOLFLQJ WDEOHFRQWDLQLQJ WKHGHILQHGDWWULEXWHVRI D FODVV ,I WKH
GHILQHG DWWULEXWHV RI WKH FODVV DUH LQ D FOXVWHU FRQVHFXWLYH VWDWHPHQWV RI WKH ')7 WKHQ WKDW FOXVWHU RI
VWDWHPHQWVRIWKHSURJUDPPLQJV\VWHPIRUPDQREMHFWPHWKRG
 ,GHQWLI\WKHUHIHUHQFHGDWWULEXWHVLQWKHFOXVWHURIVWDWHPHQWVRIWKHSURJUDPPLQJV\VWHP,GHQWLI\YLVLELOLW\
DVVRFLDWLRQ DQGJHQHUDOL]DWLRQVSHFLDOL]DWLRQ LI WKHUH LV SDUDPHWHU SDVVLQJ IURPRQH FODVV REMHFWPHWKRG WR
DQRWKHUFODVVREMHFWPHWKRG7KHSURFHGXUHVDUHVKRZQLQVHFWLRQVDQG
2.3 Identification of visibility of class attributes and objects methods 
x Protected: ,I WKHDWWULEXWHVUHIHUHQFHG LQDOOREMHFWPHWKRGVRIDFODVVFRQWDLQ WKHSDUDPHWHUVRIRQHFODVV WKHQ
PDUNWKHSDUDPHWHUVRIWKRVHFODVVDWWULEXWHVDVSURWHFWHGDQGLVVKRZQE\IROORZLQJVWHSV
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/HW&LEHDFODVVZLWKDWWULEXWHV&LPZKHUHPא,QWHJHU,
/HW&MQEHWKHVHWRIDWWULEXWHVXVHGLQPHWKRGVRIFODVV&M
׫&MQEHWKHVHWRIDOODWWULEXWHVXVHGLQPHWKRGVRIFODVV&M
/HW&OO 
&LPת ሺڂ&MQIRUPQא>@
  &NN
&OO &OOڂ&NNIRUVRPHM
&RQWLQXHWKLVSURFHGXUHIRUDOO&M&L
,I^&OO` ^&NN`WKHQ&LLVWKHVXSHUFODVVDQGDOO&MVZKHUH&LPת&MQDUHWKHVXEFODVV
,IWKHDWWULEXWHVRI&LPXVHGLQ&MQWKHQPDUNWKRVHDWWULEXWHVRI&LPDVSURWHFWHG
x Public:2EVHUYH WKH DWWULEXWHVPHQWLRQHG LQ WKH REMHFWPHWKRG VOLFH LI WKH UHIHUHQFHG DWWULEXWHV RI WKLV REMHFW
PHWKRGV EHORQJV WR REMHFW PHWKRG VOLFH RI DQRWKHU FODVV WKHQ PDUN WKRVH FODVV DWWULEXWHV DV SXEOLF DQG LV
UHSUHVHQWHGDVIROORZV
5HI&LתDWWULEXWHV&M׎ZKHUH&LLVWKHVHWRIDWWULEXWHVRILWKFODVVDQG&MLV WKHVHWRIDWWULEXWHVRIMWKFODVV
ZKHUHLMDQGMא
0DUNWKHFRPPRQDWWULEXWHVRIFODVV&MDUHSXELFGXHWRLQWHUDFWLRQZLWK&L
x Private:,IWKHDWWULEXWHVDUHQRWSXEOLFDQGSURWHFWHGPDNHWKRVHDWWULEXWHVDVSULYDWH
2.4 Identification of association 
$VVRFLDWLRQLVSDUDPHWHUVSDVVLQJIURPRQHFODVVWRRWKHUFODVV
x 1:1association: LI VHW RI DWWULEXWHV DORQJZLWK SULPDU\ NH\ RI RQH FODVV DUH UHIHUHQFHG LQ DQRWKHU FODVV REMHFW
PHWKRGDQGGHILQHGFODVVVHWRIDWWULEXWHVDORQJZLWKSULPDU\NH\ LQYROYHG LQGHILQLQJWKHREMHFWPHWKRG WKHQ
WKHUHLVDDVVRFLDWLRQEHWZHHQUHIHUHQFHGDWWULEXWHVFODVVDQGWKHGHILQHGREMHFWPHWKRGFODVV
x 1:m association:LIVHWRIDWWULEXWHVDORQJZLWKSULPDU\NH\RIRQHFODVVUHIHUHQFHGLQDQRWKHUFODVVREMHFWPHWKRG
DQGGHILQHGFODVVVHWRIDWWULEXWHVLQYROYHGLQGHILQLQJWKHREMHFWPHWKRGWKHQWKHUHLVDPDVVRFLDWLRQEHWZHHQ
UHIHUHQFHGDWWULEXWHVFODVVDQGWKHGHILQHGREMHFWPHWKRGFODVV
x m:1 association:LIVHWRIDWWULEXWHVRIRQHFODVVUHIHUHQFHGLQDQRWKHUFODVVREMHFWPHWKRGDQGGHILQHGFODVVVHWRI
DWWULEXWHVDORQJZLWKSULPDU\NH\LQYROYHGLQGHILQLQJWKHREMHFWPHWKRGRIDFODVVWKHQWKHUHLVDPDVVRFLDWLRQ
EHWZHHQUHIHUHQFHGDWWULEXWHVFODVVDQGWKHGHILQHGREMHFWPHWKRGFODVV
x n:m association:LIVHWRIDWWULEXWHVRIRQHFODVVUHIHUHQFHGLQDQRWKHUFODVVREMHFWPHWKRGDQGGHILQHGFODVVVHWRI
DWWULEXWHVLQYROYHGLQGHILQLQJWKHREMHFWPHWKRGRIDFODVV WKHQWKHUHLVDQPDVVRFLDWLRQEHWZHHQUHIHUHQFHG
DWWULEXWHVFODVVDQGWKHGHILQHGREMHFWPHWKRGFODVV
 7D[RQRP\
x Control Flow Graph (CFG):GHSLFWV WKH H[HFXWLRQ FRQWURO RI WKHSURJUDP IURPVWDUW WR HQG*HQHUDOO\&)*
GHSLFWHGLQWKHIRUPRIFRQWUROIORZWDEOH&)7ZLWKHQWULHV6WDUW(QG-XPSDQG$OWHUQDWH-XPS
x Data Flow Graph (DFG): ')* FRQWDLQV WKH GDWD DQG FRQWURO GHSHQGHQFH RI DWWULEXWHV ZLWKLQ WKH SURJUDP
VWDWHPHQWV
x Program slice:SURJUDPVOLFLQJLVWKHFRPSXWDWLRQRIWKHVHWRISURJUDPVVWDWHPHQWVWKHSURJUDPVOLFHWKDWPD\
DIIHFWWKHYDOXHVDWVRPHSRLQWRILQWHUHVWUHIHUUHGWRDVDVOLFLQJFULWHULRQ
x Class: LVDFROOHFWLRQRIFRKHVLYHVHWRIDWWULEXWHVRIDQHQWLW\DORQJZLWKLWVEHKDYLRXULQ WKHIRUPRIREMHFWV
PHWKRGVWKDWGHILQHWKHVXEVHWRILWVDWWULEXWHV,WFRPSULVHVKLJKO\FRKHVLYHVHWRIDWWULEXWHVRIDQHQWLW\DORQJ
ZLWKPHWKRGVWKDWGHILQHVVXEVHWRIDWWULEXWHVRIWKHFODVVVWUXFWXUHZKLFKDUHYHU\ORRVHO\FRXSOHG7KXVFODVV
VDWLVILHVJRRGGDWDEDVHGHVLJQDQGJRRGVRIWZDUHHQJLQHHULQJSULQFLSDOV
Object structure:2EMHFWVWUXFWXUH 8IXQFWLRQDOO\GHSHQGHQWVHWRIDWWULEXWHVŀ8(QWLW\L
(QWLW\LאSHUVRQSODFHWKLQJFRQFHSWRUHYHQWIRUZKLFKLQIRUPDWLRQLVQHHGHG
x Object method: D EHKDYLRUDO WKUHDG WKDW GHILQHV WKH VXEVHW RI DWWULEXWHV RI WKH FODVVZLWK DGKHUHQFH WR JRRG
VRIWZDUHHQJLQHHULQJSULQFLSOHV
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x Referenced item:$QRXQQRXQSKUDVHLVVDLGWREHUHIHUHQFHGLQWKHVWDWHPHQWLILWLVH[SOLFLWO\SUHVHQWLQWKH
VWDWHPHQWDQGLWVYDOXHUHPDLQVXQDOWHUHGE\WKHUHDOL]DWLRQRIWKHVWDWHPHQW
x Defined item:$QRXQRUQRXQSKUDVHGHILQHGLQDSURJUDPOLQHLILWLVH[SOLFLWO\SUHVHQWLQWKHVWDWHPHQWZLWK
FKDQJHGYDOXHDIWHUWKHUHDOL]DWLRQRIWKHVWDWHPHQW$QRXQQRXQSKUDVHLVVDLGWREHSUHVHUYHGLQWKHVWDWHPHQW
LILWVYDOXHLVLPSOLFLWO\SUHVHUYHGLQWKHVWDWHPHQW
x Visibility:YLVLELOLW\LVWKHULJKWRISULYDF\LQIRUPDWLRQZLWKZKLFKFODVVRIWKLVFODVVDWWULEXWHVDQGPHWKRGVZLVK
WRVKDUHWKHLQIRUPDWLRQLQZKLFKDVHWRIDOORZHGYDOXHVDUHSXEOLFSURWHFWHGDQGSULYDWH
x Generalization/SpecializationLIVRPHRIWKHFODVVHVKDYHFRPPRQDWWULEXWHVDQGPHWKRGVIURPWKHFOXVWHURI
VXFK FODVVHV ZH DEVWUDFW WKH FRPPRQDOLW\ RI VWUXFWXUH DQG PHWKRGV WR IRUP D VHSDUDWH VXSHU FODVV 7KH
XQFRPPRQ SDUWV RI WKH FODVVHV IRUP WKH VXEFODVV 7KLV ZLOO DYRLG UHGXQGDQF\ RI WKH VWUXFWXUDO SDUW DQG
EHKDYLRUDOSDUW$SDUWIURPWKLVHDFKVXEFODVVFDQKDYHDGGLWLRQDOIDFLOLWLHVWRXVHVWUXFWXUDODQGEHKDYLRUDOSDUW
ZLWKPRGLILFDWLRQ
x   Association:LVDELQDU\UHODWLRQVKLSEHWZHHQWZRREMHFWFODVVHV7KHFODLUYR\DQWVWXG\LQGLFDWHVWKDWDVVRFLDWLRQ
 LVDEHKDYLRUDODVSHFWLQZKLFKWKHUHH[LVWVSDUDPHWHUSDVVLQJEHWZHHQWZRFODVVHVZKHUHLQREMHFWPHWKRGRID
 FODVVREMHFWDWWULEXWHVDUHUHIHUHQFHG
&RQFOXVLRQ
 ,Q WKLV SDSHU ZH KDYH DEVWUDFWHG WKH FODVV GLDJUDP IURP SURJUDPPLQJ V\VWHP 7KH FODVV VWUXFWXUH LV
LGHQWLILHGE\WKHVWDWHPHQWVHPEHGGHGEHWZHHQFRQVHFXWLYHUHDGDQGZULWHVWDWHPHQWVRIWKHSURJUDPPLQJV\VWHP
WKURXJKRXUFODVVLQJWHFKQLTXH7KHREMHFWLGHQWLW\2,'LVLGHQWLILHGYLUWXDOO\E\LGHQWLILFDWLRQRIFDQGLGDWHNH\
8VLQJWKLVYLUWXDO2,'ZHKDYHLGHQWLILHGWKHIXQFWLRQDOGHSHQGHQFLHV7KHVOLFHEDVHGRQFODVVVWUXFWXUHLGHQWLILHV
WKH REMHFW PHWKRGV WKURXJK FOXVWHUHG VWDWHPHQWV 7KH FOXVWHUHG VWDWHPHQWV LPSOLFLWO\ VDWLVI\ JRRG VRIWZDUH
HQJLQHHULQJ SULQFLSOHV DSDUW IURP LGHQWLI\LQJ REMHFW PHWKRGV 7KH LQWHUUHODWLRQ EHWZHHQ WKH REMHFW PHWKRGV LV
LGHQWLILHG IURP WKHLU SDUWLFLSDWLRQ RI UHIHUHQFHG DWWULEXWHV RI WKH RWKHU REMHFW FODVVHV LQ WKH REMHFWPHWKRGRI WKH
FODVV)XUWKHUVXSHUFODVVDQGVXEFODVVLVREWDLQHGIURPPDWKHPDWLFDOHPSLULFLVP$OOV\QWDFWLFVDQGVHPDQWLFVRI
WKHFODVVGLDJUDPKDYHEHHQDEVWUDFWHG IURPSURJUDPPLQJV\VWHPZLWK VRXQG ORJLF7KHDVVRFLDWLRQ LV LGHQWLILHG
IURPSDUWLFLSDWLRQRIRWKHUFODVVDWWULEXWHVLQWKHREMHFWPHWKRGV&RQFXUUHQWO\WKHDWWULEXWHVYLVLELOLW\LVLGHQWLILHG
IRUWKHSDUWLFLSDWLQJUHIHUHQFHGDWWULEXWHVRIRWKHUFODVVHV7KHUHWXUQW\SHFRXOGQRWEHLGHQWLILHGZLWKVRXQGORJLFDV
LWQHHGVIXUWKHUGHWDLOHGVWXG\+RZHYHUWKHDJJUHJDWLRQEHWZHHQZKROHDQGSDUWFODVVHVFRXOGQRWEHLGHQWLILHGDV
80/GHYHORSHUV¶VWXG\QHHGVHSH[HJHVLVFODLUYR\DQWVWXG\7KHFODVVGLDJUDPKLWKHUWRFRQVLGHUVDVRUQDPHQWDOKDV
EHHQLGHQWLILHGDVPRVWXVHIXOGLDJUDP7KHXVHIXOQHVVLVTXLWHHYLGHQWIURPWKHGHULYHGORZHUOHYHO80/GLDJUDPV
$OORXUWHFKQLTXHVDUHVXLJHQHULV
$FNQRZOHGJHPHQWV
:RUGVDUHLQVXIILFLHQWWRH[SUHVVRXUGHHSVHQVHRIJUDWLWXGHWR'U'%3KDWDN3URIHVVRURI'HSWRI
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5HIHUHQFHV
 *UDG\%RRFK-DPHV5XPEDXJK,YDU-DFREVRQ7KH8QLILHG0RGHOLQJ/DQJXDJH8VHU*XLGH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